This paper aims to present a new hypothesis to understand better decisions with uncertainties, and to explore as well its application in improving supply chain information sharing. From the observation that real investment decision behaviors generally imply that investors' mental states tend to experience subtle changes with increasing the amount of investments, the psychological endurance hypothesis and the corresponding utility function are constructed. The hypothesis embraces the income-cost ratio into the set of constraints of the value of an investment, which emphasizes the decisive role of investment return rate or profit rate, and then innovatively introduces the concept of critical point of psychological endurance from which it is found that the investment behaviors demonstrate completely different characteristics on the left and right side of this critical point, and that investors' investing willingness could be raised through exercising their psychological endurance to move outward the locations of their critical points of psychological endurance. Making further use of the hypothesis produces the shorter-board optimization model of supply chain information sharing with decision variable of the value index of information sharing. This model reveals that enterprise's value index of information sharing has a positive relationship with the success rate of information sharing, but a negative one with the information-sharing cost elasticity of psychological vulnerability, the social risk level, and the cost of information sharing. And the model also suggests that the overall information sharing of a supply chain could be eventually achieved by ever increasing the shorter-board enterprise's value index of information-sharing.
Introduction
Our world is full of numerous uncertainties. The fears of and worries about the uncertainties of future consequences have been always haunting people's decision-makings. When facing the uncertainties, decision-makers appear to be making bets in casinos and what they could do is just to wait for the judgment of the God. If so, how high is the stake that a decision-maker is likely to choose to bet on the uncertainty? Naturally, the size of the stake is firstly determined by his/her money to gamble with or wealth endowment. In general, the more the gamble-money or wealth a decision-maker has, the higher the stake he/she makes. However, when decision-makers have the same amount of gamblemoney or wealth, the real sizes of the stakes they made, under most circumstances, may be very different. This implies that, in addition to wealth endowment, there still exist more and deep-rooted factors that influence people's decision-making behavior in the context of uncertainties.
In order to explore the profound factors impacting decision-making with uncertainty, von Neumann and Morgenstern (1944) put forward the expected utility theory with the argument that people would decide the size of a stake in accordance with the expected utility level of a bet. However, the expected utility is the probability-weighted average of the results of success or failure, the fatal defect of which is that it fails to take into consideration the spiritual pressure incurred to a decision-maker following a lost bet. In fact, if the spiritual pressure resulting from a lost bet is big enough, the bet should not be attractive anymore no matter how high the expected utility is. In other words, giving the precondition that probabilities of win and loss remain the same, people's psychology will subtly change with increasing the size of a stake, and when such change has reached a critical value, it will result in decreasing the utility in absolute term, instead of the unceasing utility-increasing based on the expected utility theory (despite the slowdown increasing rate under the circumstance of risk-avoiding).
The perplexing experienced by individual enterprises facing decision-related uncertainties is very likely to be amplified substantially in the multiple decision-makings of participants in a supply chain. The cause of the amplification, to a large extent, comes from the information asymmetry among supply chain members. In order to lower the overall uncertainty level of the decisions of supply chain team members and to promote and obtain the synergistic effect of the whole supply chain system, the priority effort should be to raise the level of information sharing among the chain members. Only through effective and efficient information sharing can the members in the chain be integrated into a commercially synergistic team and then to participate into market competitions as a whole unity. However, the information sharing of supply chain has been remaining an unresolved problem in both theoretical researches and practices.
The fundamental obstacle among others is the interest conflict between individualistic firms and the supply chain as a group. If the obstacles are to be effectively weakened or eliminated, a valid mechanism must be formulated to balance the interests of both individual firms and the supply chain as a whole, in which the members in the chain are guided into a positive feedback cycle of information sharing and the magnitude of information sharing is to be strengthened continuously till realizing the objective of integrating completely all chain enterprises.
Based on the observations that investors' mental states usually experience subtle changes with increasing the amount of investments when making decisions under uncertain situations, we have introduced innovatively the concept of psychological endurance, and from which we have constructed an analytical framework for uncertain decisions and have tried to apply the framework into improving the information sharing of supply chain. The rest of this paper is structured as: Section 2 is literature review; Section 3 introduces the psychological endurance hypothesis; Section 4 discusses the decision utility function based on psychological endurance; Section 5 constructs the applying supply chain information sharing model of the decision utility function based on psychological endurance; and Section 6 summarizes the conclusions and implications.
Literature Review

The Theories Related to Uncertain Decisions
The theories regarding the researches of uncertain decisions may be divided into types: the rational decision-making approach and the limited-rationality decision-making approach. The former believes that decision-makers are absolutely rational with the typical representatives of the expected value theory and the expected utility theory, whereas the latter argues that decision-makers exercise limited rationality and the prospect theory is a typical representative of this approach.
The expected value theory is the earliest about decisions under uncertainty, which states that people make decisions according to the expected value (referring to formula (1)).
In formula (1) EV is the mathematic expected value, i X denotes the value of result i, i P is the probability of the occurrence of result i. 
where i x denotes the final possible currency-denominated revenue, i P represents the probability of i x , and ( ) i u x is the utility brought about by i x .
As a matter of fact, any decision with risks can be abstracted as an investment consisting of two outcomes: success or failure. If we assume the cost of invest-ment as c, the expected income as r, and the success probability as p, then the decision scenario facing an investor could be demonstrated by Figure 1 .
In Figure 1 the expected revenue of the investment is rp and the expected profit is (rp − c). In line with the expectation utility theory, if the expected profit is not negative, that is, the expected income per unit cost rp/c ≥ 1, the investor's investment is rational. And the higher the expected profit (representing final level of wealth), the bigger the value (i.e. utility) of the investment, but the marginal utility of the expected profit is decreasing.
The expected utility theory was developed upon four strict assumptions: completeness, transitivity, continuity and independence, but it was found that real decision behaviors did not conform completely with these assumptions, among which the most famous refutes are the Allais paradox and the Ellesberg paradox.
The Allais paradox argued that people would overemphasize the outcomes of certainty in their decisions and thus they did not depend on the expected utility to make decisions with risks. Going farther, the Ellesberg paradox stressed that people's investment preferences did not follow the expected utility theory. With regard to the defect of the expected utility, Simon (1956) came up with the viewpoint of "limited rationality", which argued that since people possessed only limited cognitive capabilities under uncertain circumstances, it was impossible for them to predict completely accurately future outcomes, that people were not able to behave in a completely rational mode, and that they could only rely on limited rationality to avoid the risks of uncertainties.
On the basis of Simon's limited rationality, Kahneman and Tversky (1979) presented the prospect theory. It improved the expected utility in two aspects:
one is the introduction of a subjective assessment scale, wealth reference point, which uses the change of wealth (the difference between the final wealth level and the wealth reference point), instead of the absolute value of wealth, to calculate the utility, and the other is differentiating the decisions under optimistic prospect from those under pessimistic prospect, pointing out that people were risk-aversive for the investments in the range of profit-making and risk-preferring for the investments in the range of loss-making (Figure 2 ). Later on, Tversky and Kahneman (1992) further proposed the accumulative prospect theory to explain the stochastic dominance, which successor researchers also have endeavored to improve. Wu & Gonzalez (1996) and Cabantous & Cedric (2004) , for example, respectively added time variable and information quality into the analyses of the accumulative prospect theory.
The researches on decisions with limited rationality were mainly undertaken from the psychological perspective, such as the regret theory of Bell (1985) , the disappointment theory of Loomes & Sugden (1986) , the emotion decision theory of Mellers (2000) and so on. In China, most of the studies of this approach con- The literatures up to now exhibit the drawbacks of existent studies in three aspects: the first is inadequate consideration of the risks under the principle of profit-maximization decision regarding information sharing; the second, the concern is not enough over the impact of psychological factors on information sharing decisions; thirdly, they failed to consider the iterative improvement of supply chain information sharing level from the angle of raising the willingness to share information of the shorter-board enterprises in supply-chain bucket.
Relevant Models of Supply Chain Information Sharing
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The Psychological Endurance Hypothesis
The Importance of the Income per Unit of Cost
The laws of capital market tell us that investors are concerned more with the relative earning (i.e. the rate of return on investment or the rewarding amount per unit of investment), exactly the same as profit rate, than with the absolute earning (the final wealth level). In Figure 1 the expected profit rate is (r j p j -c j )/c j or (r j p j /c j -1), which denotes that the decision variable that really influences enterprise's sharing of its information is the expected income per unit of cost r j p j /c j (or called expected income-cost ratio) rather than the absolute value of expected profit (r j p j -c j ) (or called the difference between expected income and cost). To put it in another way, giving the same level of risk, the value for investor to obtain rises as the expected income-cost ratio increases, unlike the beliefs of the expectation utility theory and the prospect theory that the investor's would-be value goes up as increases the difference between the expected income and the cost of an investment.
The Psychological Effect of the Risk of Absolute Loss
Psychology knowledge lets us know that, given the same ratio of expected income-cost, the mental states of investors change subtly when the absolute value of the expected income (or cost) changes. Let's try, for instance, to fix the ratio of the expected income-cost at 1.2 and to set the success rate of investment at 60%
(the corresponding expected profit rate is 20%), then we examine the different mental statuses when the investment has "low" and "high" absolute levels of (r j , c j ) as follows. Case one: assigning (r j , c j ) "low" value as ($10, $5), if successful (success probability p j equals 60%), the income is 10 dollars and the cost 5 dollars, the profit is 5 dollars and the profit rate is 100%; if failed (failure probability (1 -p j ) is 40%), the income is 0 dollars and the cost 5 dollars, the profit is -5 dollars and the profit rate is -100%. In such a case, although the risk of failure amounts to 40%, the investor can endure psychologically as the absolute loss is not big (only 5 dollars), and the investor will choose to invest considering the positive expected profit rate (20%).
Case two: assigning (r j , c j ) "high" value as ($10 10 , $5 × 10 9 ), if successful (success probability p j equals 60%), the income is 10 billion dollars and the cost 5 billion dollars, the profit is 5 billion dollars and the profit rate is 100%; if failed (failure probability (1 -p j ) is 40%), the income is 0 dollars and the cost 5 billion dollars, the profit is -5 billion dollars and the profit rate is -100%, the same as in Case one. However, in this case, the same 40% of risk of failure indicates a likely absolute loss of 5 billion dollars, which is too big for the investor to endure psychologically. Thus, in spite of the same expected profit rate as that in Case one, the investor will choose not to invest for safety.
The two cases can be intuitively displayed by Figure 3. 
The Critical Point of Psychological Endurance under Uncertainty
By fixing the risk level (p) and the income-cost ratio (r/c), we can examine Giving the risk level (p) and the income-cost ratio (r/c), the mental states of investors will change with changes in the expected absolute value of income (or cost). Generally, there exists a critical point of psychological endurance in the mind of an investor, which may be denoted by a specific absolute income level * r . The critical point of psychological endurance could be interpreted as the maximum tolerable investment loss resulting from uncertain investments, below which the investor's investing willingness does not weaken, holding constant the risk level and the income-cost ratio. Or to put it in another way, under the condition of given risk level and the income-cost ratio, the value of investment increases as the expected income level (or cost level) goes up, but when the expected income surpasses the critical point * r , the value of investment decreases as the expected income level (or cost level) goes up.
The Construction of Psychological Endurance Hypothesis
Based upon the afore-mentioned psychological effect concerning investment decisions with risks, we have constructed the model of psychological endurance as shown in Figure 4 . (the cost of investment) resulting from failure investment has surpassed the tolerable psychological capacity, which results in the going down of investing willingness. The willingness falls most remarkably in the close vicinity of the critical point and then goes down in a gradually slower pace possibly due to adaptation or numbness.
The Visualized Interpretation of the Psychological Endurance Hypothesis
The points of psychological endurance hypothesis could be visualized as walking above the ground. Imagine a scenario in which someone walks from the start of a footpath of 1-meter width and 100-meter length. If the footpath is on the ground, the walking is steady and safe and nearly anyone is able to finish it without any psychological burden. However, if the footpath were raised to 1 meter above the ground, then people may be able to finish the walking somewhat worryingly; if the footpath were further raised to 10 meter above the ground, people may very likely feel panic and dare not to start walking, and the walking in such a situation has become a risky adventure. It could be forecasted that although theoretically the risk of falling from the footpath does not change as the raised height keeps increasing, the changing external environment will create high altitude horror for the persons to walk, and because of fearing that they cannot tolerate the severe consequence of falling from the footpath, their mental endurances are gradually declining till they finally give up the walking ( Figure 5 ). Investing is actually similar to the walking above the ground in that the investor's psychology will change subtly when increasing the stake of an investment. 
The Theoretical Value of the Psychological Endurance Hypothesis
The theoretical contributions of the psychological endurance hypothesis are two:
one is the introduction of the income-cost ratio into the constraints of investment value, stressing the decisive role of return rate of investment or profit rate, and the other is the conception that investment value changes with the change of investor's psychological endurance and the corresponding introduction of the critical point of psychological endurance, revealing that the investment behaviors on the left and right side of the critical point demonstrate completely opposite attributes. Table 1 summarizes the comparisons and contrasts of the psychological endurance hypothesis versus the expected utility theory and the prospect theory.
The Decision Utility Function Based on the Psychological Endurance Hypothesis
The Construction of Decision Utility Function of Psychological Endurance Hypothesis
On the base of the utility curve illustrated in Figure 4 , the mathematical expression of the utility function can be constructed as in formula (3). 
In the above, c is the cost of investment, r is the expected income from investment, p denotes the probability of investment success, and * r represents the critical point of psychological endurance. It should be noted that the critical point of psychological endurance * r is an individually varying subjective value because different individuals have different subjective perceptions of the same risk.
The Partial Effect Analysis of the Utility Function of the Psychological Endurance Hypothesis
By assigning the condition of 0 r c a = to formula (3), we get formula (4). 
where when * r r > , the utility curve convexes downward.
As for the cost of investment c, its partial effects under the constraint of the income-cost ratio are similar to those of investment income r. Table 2 
The Impact on Utility of the Absolute Income Level
The impact on utility of the absolute income level is examined by holding the income-cost ratio 
The Impact on Utility of the Income-Cost Ratio
In order to discuss the impact on utility of the income-cost ratio, we first hold constant the probability of investment success 0.5 p = , and assume the critical point of psychological endurance as * 100 r = . The different income-cost ratio levels are 0 3 a = , 0 4 a = , and 0 5 a = . The numerical results are displayed in Figure 8 and are in consistence with the points of psychological endurance hypothesis, that is, the investment value will increase as the investment return rate (or income-cost ratio) increases. 
The Attributes of the Indifference Curve of the Psychological Vulnerability Function
Taking the reciprocal of the utility function, ( ) ( )
It is not hard to infer from formula (10) In Figure 9 , the three indifference curves 
The Value Index of Information Sharing for Individual Enterprises
If the value index of information sharing for enterprise j is denoted by M j , and ( ) 
Take the partial derivation of formula (16) with respect to the variables and parameters subjective to the optimal condition j j K P ≥ of the value index of information sharing, and the results are presented as follows:
(1) taking partial derivative of M j against P j , the result is 0
cating that M j increases as P j increases; (2) taking partial derivative of M j against α, the information-sharing cost elasticity of psychological vulnerability, the result is (Table 3 summarizes all the above results).
Supply Chain Information Sharing Model
For a supply chain made of J enterprises to realize overall information sharing as Table 3 . Partial impacts on the value index of information sharing of relevant variables and parameters (with the constraint of P j ≥ K j ). ,
In formula (17), K j is the cost per unit of income, also the reciprocal of the income per unit of cost. The meaning of formula (17) is to raise unceasingly the value index of information sharing of the shorter-board enterprise to eventually make true the information sharing of the supply chain as a whole.
The Iterative Algorithm for the Shorter-Board Optimization Model of Supply Chain Information Sharing
Suppose the critical point of the value index of information sharing is M * , which means only when the shorter-board enterprise's value index of information sharing gets to the critical point, can the overall information sharing of the whole supply chain be materialized. In accordance with the shorter-board effect principle, the optimizational objective is to enable the enterprises with the lowest value index of information sharing to achieve M * , i.e. 
Conclusions and Implications
Having analyzed the defects of the expected utility theory and of the prospect theory, this paper has put forward the hypothesis of psychological endurance and accordingly constructed the decision utility function based on the hypothesis, which have improved the traditional theories of decisions with risks in three aspects. First of all, the income-cost ratio is introduced into the set of constraints of the value of an investment, which singles out the decisive role played by investment return rate or profit rate and believes that the value of an investment is mainly determined by investment return rate (or income-cost ratio). Second, Finally, on the basis of our psychological endurance hypothesis, the shorterboard optimization model of supply chain information sharing is constructed with the decision variable of the value index of information sharing. The fundamental conception of this model is to raise unceasingly the value index of information sharing of the shorter-board enterprise to eventually materialize the information sharing of the supply chain as a whole. Consequently, there are four pathways to improve supply chain information sharing: to increase the success rate of information sharing, to lower the information-sharing cost elasticity of psychological vulnerability, to decrease the social risk level, and to reduce the cost of information sharing.
